Four lysozyme-sensitive mutants were isolated after nitrosoguanidine mutagenesis of a lysozyme-insensitive strain of Staphylococcus aureus. One mutant was sufficiently effective for the isolation of macromolecules, such as plasmid deoxyribonucleic acids, from a cell after lysozyme-induced cell lysis.
The currently employed techniques for the study of plasmid DNA are primarily based upon the isolation of supercoiled (covalently closed circular) DNA from the cell after lysing bacteria with lytic enzymes and detergent treatment (4, 6) .
Staphylococci, in contrast to many other bacterial species, are relatively resistant to the lytic action of egg white lysozyme, a readily available, inexpensive lytic enzyme (1, 7, 10, 14) . Consequently, a great deal of attention has recently been given to a powerful lytic enzyme of bacteria, lysostaphin, which has a narrow antibacterial spectrum but a high activity against Staphylococcus aureus (10, 14) . Lysostaphin has been used successfully to isolate plasmid DNA from S. aureus and is now indispensable in the preparation of plasmid DNA from this organism (8, 11, 12) . Also, another lytic enzyme (TBL-1 or M-1) ofAchromobacter lyticus M497-1 has been utilized to prepare plasmid DNA from S. aureus (8) A single colony of the strain S. aureus MS353 was inoculated into L-broth, and the culture was incubated overnight at 370C. A 0.1-ml sample of an overnight broth culture was added to 5 ml of L-broth and incubated for 3 h at 37°C with shaking. Cells were centrifuged for 10 min at 3,000 rpm, washed twice with 5 ml of buffered saline-gelatin (5) , and suspended in 5 ml of 50 mM Tris-malate buffer (pH 6.0). N-Methyl-N'-nitro-N-nitrosoguanidine (Aldrich Chemical Co.) was added to the suspension in a final concentration of 50 ,ug/ml, and the culture was maintained at 37°C. After 30 min of incubation, the mutagenized cells were washed thoroughly by three repeated centrifugations at room temperature and suspended in 5 ml of L-broth. After a further 24 h of incubation at 370C, the cells were plated with appropriate dilutions onto heart infusion (Difco) agar. Colonies formed during incubation of these plates at 37°C were replica-plated onto heart infusion agar with or without 12.5 or 3.1 ,ug of lysozyme per ml. Three colonies of strain MS353 sensitive to 12.5 ,ug of lysozyme per ml were obtained among 5,003 clones tested, and these mutants were called S. aureus MS353-1, -2, and -3. Similarly, of 4,584 additional clones tested, we isolated another MS353 mutant that had become sensitive to 3.1 ,ug of lysozyme per ml, and this mutant was termed S. aureus MS15008. Lysozyme-sensitive colonies were purified three times on heart infusion agar by serial single-colony isolation.
It has been reported that the acetyl groups, ester-linked to the peptidoglycan in certain strains of Micrococcus lysodeikticus, prevent the action of lysozyme (2) . The same O-acetyl groups have been found in the cell wall peptidoglycan of S. aureus and may be responsible for lysozyme resistance. However, other structural properties of the S. aureus peptidoglycan may also be responsible for lysozyme resistance (10, 14) . The enzyme TBL-1 (or M-1, kindly supplied by Takeda Chemical Co.) acts upon S. aureus, and its lytic action has been determined to result from a linkage split at glycylglycine in the cell wall (Yamazaki, personal communication). Another enzyme, LE2 (kindly supplied by Kyowahakko Co.), is also a lytic enzyme which causes hydrolysis at glycylglycine cross-linkages as well as hydrolysis of D-alanyl esters from the 2-position of ribitol residues in the cell wall of S. aureus (Oka, personal communication).
The minimum inhibitory concentrations of these lytic enzymes were determined using S. aureus MS353, MS353-1, -2, and -3, and MS15008 by the serial twofold agar dilution method (9 (Table 1) .
It has been shown that teichoic acid, specifically the N-acetylmuramic acid component of ribitol teichoic acid, is required for bacteriophage adsorption to or inactivation of bacteriophage by S. aureus cell walls (3, 13 However, the parental strain MS353 was found to be resistant to both lysozyme treatment and temperature shock. In contrast, heat shock dramatically affected the rate of mutant MS353 cell survivors after treatment with lysozyme. For example, the cell titer of MS15008 dropped to 10' of the initial cells after heat shock (Fig. 1A) .
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